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The Fkrlea of Complax ●nd Simple Terrain in the

Estimation of ;wmoapheric Diffualon

Atmosp})cric Science Group

Lrrri Alamnrr Nntitnal Ldhotacory

Ioa Ala,noLr, NL:W tIC.Xico 87545

I. lNTROIWCTXON

Useful techniques for CRC lma LLng t.ransl, ort
and diffunion of airborne rn..terials clo~e to tiiu

around under atatlnntrrv And homrrmt,ncoun
meteorologi~.al cnndltlona have hctn avaJlahle fol

many yeara thanhm to curly thccrctical gull! llllcr
anri well-executed field cxpcrimentti. (Jvt, r tl)ti
yeara the pruct ical nppllcn Llnns have renrt,,, d WI!ll
b(~yond the original emp!rtcn] baals t!) in,. ludv
cumplicncl],)a arlslng fr,]m Qlrvnted and ~,(,(ly,lnt
nourceu, trLtvcl ov(> r lonh; ur ,~ifltall(.lH wlL]I t),,.
related intcres L i II dc~pcr lny(. rti Ilf tl)l.
atmoapl)r ru n nrl tempr,ral Cll,l,lgt!u 1,11 wind 1111,1

turbulent,. , ,nnd vilYlFLti13,]H t II Lilil uf, di, rly l]+;
surface, A vnriety (If ❑odcllnx nppron(, ho:t p,rt, u uli
tn adrfren~ the prnctlr.t,l nue,lll 1!!11 Pxl)t,rlmrl]tnl
tp!LLlllg of thv motlul!l IIiln bcon I lmtLIoI1. A rt!vlvr,l
(nteretit Irr mndvl vnlldnt[otl hnq 11111 l,) II ,I{lr[(,q

I-If dctnlled f lvld mr:l~llrcm(llt I,r,)}; r:lmtr r,,; r.r 111,.
Iqnt [Ivr year H omphnnlzfll~ I,onl(l,.,11 t,llvlrt,t)rri IIfu.

Iliim paprr nttcm). !rn tn rrrtrrl,llnh n I,, I!IL,LXI
for thtr dnmtu..,rrt lrrrn~n ~irt ~mvt N I WI,l. I inx I h,,

1(110 of Vrnv!mltvu ,.llvpr . W, Vxpl, >r,. rltlllll
prncLlrnl Ircdn for N IIICII*,IIF!I llu\l(. rmlrrrl,llllg ,If
trrraln tnf II IOIICV aIIIl rrvicw Ilt]m,? ,,1 tlIU plIVIIi IMl ,l. I

thnt hnVII hren ldIIIIrlf LrId nm I ilmlil ll. RL IIIH t ;){,
tinnmpcrt mId LIllf IIrr[tI II III pIIl lIIt II II!rI. T!lt, l ~,ill,(,l
nlno rpvl run a vnrtrtv I1f mulllodH [II-L llfiv1. l,{.,. l)

!Imt!i tn rhnrilcrt.rlmu (he t,,pl,~rnphv ll!l,~lf I ,11

~tmrrnl)her lr Lrnnrrpnrt aplIl 1 nf tu~no. ‘1’111. I 1,1,.,!
pmpr+rn to lt)llnu 111 thin rII!nql LIII will vkl)l, ,rr I II
ftrcil LQr drtall tho prrrrrmet rrlcntll)n t,f 11111+11(11111,1111
ilrlvt+n primnrf Iy hy tllmrmnl p,lrrillonlno mo,.iltllbl, III
Infltlollren, MII(I VeUIItfLLiVII Cl)v,.r.

Il. f)lFtWSl(lN IN SIt41’1.R l’ERftAIN

Althuugh col)ceptunlly wc ar~ Interested jn the ne*

LrUn8porL wlIId to dtilermlne c!le posltlon rrf the

ctinter ~,f ftravlLy 0[ a plumd or puff and the

t.urbul,,!l(c rnergy to determine the r,lte of. spread

about tlIo cc,iti~r of II ‘avity, the coupling of wind,

temperature and turbulence prufllea with height

nnd tlmu of day 111 ctimfrlicatrcl. In addition,

elcmuntn uc urruucc scorucLry furtl,cr complicate thu
problem. Tl,cureLtcaJ grridnnl.e dating back to

TryLor’ri (1’12J) wrIk have offered mI elegant

lrnmmrr=rk tor formulating the dlffuslrrrr problem

for Colldit ll~nti of I,omogencoun and strrtionnry

turbularu ~s. Sirol)lc rcrraln uhvee 118 our best

chnlh.t~ Lll fill l:it’~

nl ‘ ‘LOUKli Illllllr. a

ntmmiplwrr !!111

rcqll 1rcmk,nt II.

1111 Mrl,llnd

cllllrt[Lit Jll for

r4tnhllllv, 1111(I

..
Lhu cumtrnlut.s of ths thcrrryc

la .p,L. ncale varlabf llLy .)f thv
t.nmpromfn~n tho th~OrrLlcfll

nt,rfnrv repremrnttr u hnundnry

MI, LII, IIIW ‘1[ nt4tlmtttirrg wind,

turhulvar~ alrurturc nrrd Lhc

dlutrlhuLl,,u (,f :~lrl)urll.’ mn~r-t’lul Iroru ● epc~.illrd
ndtirt. t. . ‘1’11(’ };r,,und tH Konrrnlly II mumttnlum ❑lnk
IIIld mnltll~lrr na~lbrca, JIIIII may bo either n nourcc 6 r

nlllk ,)[’ 11(,#lt (.,{,llt,.ndjllg 1111tlmc 01 Any) ilnd tll@

tyl, r {11 I.o llnmjilnlll . PK, fllrrt Ill vl~~unlly all

lmp,]rl 11111 n,(,lt.i)r(lll,~li III par~mvlerlt (Jrpl. n 1

nLl ItlIgl v III> llIIIuht IIhov(I Nr(,untl 41H w!, 1 I An I ,1,,

pr,~;~,trl 11.M .)j 11,,. ~roulld HUL fnrt. iLH(, ]f

(,.. I:, ruIIglII,r:.11, rndl(ll Ivr pr,, port lvn, vc~utnl Ivc

t.kw~er) . tl{.lh,ld!l (, I f ,Irlllllrllt d[ffUH!oll ill tllc

alm,)npllorlt !)i, ulndary Inyur Lllnt At,l!l)unt fIIr the

MpI!ct rtil III*I rlhllt, ilul Oi turbu II. nco vwr~y arnoug

,,,omptvwul II IIIUI I h,, vllrlnl 1(?11 Wl[ll Ilrlgh( nlrl>vl~

p.rl~llml Ilf}lll llrllmlltc 1111 trnl irilylng n large pnrL ($!

11111 ont lurml 11111 INSIIII. I t)vor tilmplr lrrtllltl.

III..nmttal I rI,tluPiIl Iy iIHI.01 mt),la,lltl~ ($011C-CpL ror

prnr! IIKI 111)1111C.ll lIItIm IN hr (:~luwl)iah plum,, aIId

1! Ilnn ,11,l\,l.11 11,1 ;1 V[*IIII .11, for rnnny Ilrtolul n 11(1

Inl)klvall Ivl, Ullltllol$. I’IIv (:mInnlu II modol hnm hrrll

j ,11111111,1[I*, I I 11 II,,llly w*y M, from mp! hndrr nlmltlr

I. III IUNII I II II IIIS III I It ImI.1 II. dlino III Lh@ ~mpl-mrlll o$r”h

lIr IIIl t,, 1,111.11104 (llml,ll(or nlworithmrr.

A nlMIIlllInIIl pnrl of tlIm rmnenrvl) I It

.aIm,,,ml,)ba,i II, ,11~[11”1”,, i“ dtrrrrlr,l Al t,n(lmnl ln~

Illlrtlll nllll v{,rl 11,,11 pl(uu,* ~ltlwlll r,I(rIt nn ●

1!1111’( 1(, !1 ,,[ I rnuml I Im* or dint nut-v. Whr-lllrr ,Ir

11411 Ihr , ,!mpllt n: Itlll ill nl,lll *ml, I ,11. rIIn, 4-111 rtnl ION

rolli~n 1111II I.nllqninn dlmt I lhIII 11111, Lho hr, )wLh [(U’
tlqillvnlt,llt Iv, III- dilIIl jou) rntnn nrd ■.,roIId in

;mls,)tlalik.o ,lll\y I 11 !110 pl”opol @ml Imnl !1)11 (11 the

Klomll plllmt. II RII1. A MI--III ,Imal rrf out prn,:tlrnl
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knouledgn relien on an ●xtensive met cf empirical

tracer data summarized. for exaraple, by Draxlmr

(1981). Many practical raquirementa atrctch our

empiricnl knowledge beyond iLa ranRe of validity

●nd currant research trends art, dlrectcd toward

obtaining more reliable estimation methods for

thoee problems not wail covered in the

conventional approach. Thene include extension to
longer travel distances and mecerrrolopical domttlna
such aa the unacable boundary layer and the

low

very

windapead stable layer. Alau, probleme

introduced by variationa in the underlying

boundary (complex terrain, urban Corsplr!rrcr+,

vegetative canopy, ahorttlfne) arc rucciving

attuntiun from both tllerriacs end

experimantaliate. Final Ly aourcc y,ovcrrlt!d

effects, H!lch •~ poaittvely and nrkatlvely Llmyant

❑ourcea, eleveted and ground lev~,l aourr.es, Hlmrt

and long releane !imcn nre under continuing sLlldy.
I%ch of the complicnr,tone outlined IICII! ruquiruh n

careful diagnoala n f the guvcruing physlral

phenomena and then nn approprintc computati,>nn]

❑echaninm for npplying the phyulcnl knowlrdxc.
Some of the ❑ethorla bol:]s nppllcd are HuLUMLIr’Lzc.d

“below.

- tlvlti(~d of ❑ (,m@n Ln; f)y Tl:II,I!I ,11 ri, l,il l(,lI:ilI[l,:l

dcrlvcd [mm p,iwcrnln~ L,, [ll,l, 1,)11!. () f lIIIILI

f 1*IW to r4L.lci:Lc(l mt]m,,llln If n 11111(1.1111.11 Ik, n

tlltitrlhutl, ~n (I( rrilrvr ,

- MOIIr, IO Cmrln i+nil 0[ I)f.r Hll D,,llll!l Ll! ma-l hIIdu:

%)mcrl(,nl nlmlll.it !011 (tl lr~ljt,,.lt,r 1(.:, 111 NII

vmcmhlv 01 ( 1(11(! rrr ra,,il I,III,L [cII,!I 11111{1’ Iy
t.id\tnInlllR n rnlhl~)m .11111 dls L(-rmlll!l:l II.

r~tmpgtllrn[ ; vorv rll,xllllv mcLl)()[l Wllll

II> JIII, II’(.ll JIIIII I, O); II II IIIIA.

- I’mltlrlt!.ill-1:,.11 (PI(”): unral fII roI1.!IIIIo. t t~III

WII]I nlm, vrl (.,11 XI III m{,tll(j,lH tt’Jl]Ut. L(ll li.,1 Ill

trrI(-lir 1111111 ,Inl’1 lL,lr.M nro CIIl, qIIIALI. d.

- K-Tl,~(,r,/: loll,~ i,!] *III :I:l,iblmt,gl flIIri.. r,141dl I 111
11! 101 Iollill, l\,; rrqulrrn

nl,m,,rltl;l

.I;lr(,lflrnl 11111
(Ilffllntvftv nl!Ll 1.,11(.!! 1.111.!1,111 II II IIIJII I.n.11 (1

011 k ftnd ~rmdlrlll ; III I I.11 IIm.,1 f 11

m(,,li,ln; K NIII 11111 dIil II 11,Il I*II I I IIvol t Imv,

- Slmllnlllv [ 111.01 v : I’IIIVI,l HJII fllllrl I,llfl ,,rc

n,JIIXIIt t lint ,lu~lrrlht. III Ilmi, y, I IIUt II ,IIIIIV II II ISIII. I.

mI t~lrl)ulcll,~o nlrtta tilrr; i. I It Ii, nl l)rrr~lmvlr,r,i

rkr.m rnl I.1111111,1 t!ln! ,1#.4,,rl!1,, ut, mv ll@llt,lll*ll

Itf I,lttmri RI IIWtll IIn OlIIl 1,1 II I,. Ii\ IIln,4 ill\, !,r.

- lll~llpf ,Irda’r I II IMII III mvlll,.tilfl: !;rt.k L,, nv,,l,l

K-1+,.tlry Ilmllnl I,llln II.! Ir!. l!ll 111~ IIllblllr .111

flll~en II) lll~llrr 811’6!,11 q 1111) 111,,111 m(,llli,llln;

mnlhlwwi: lrttl Iv I ,lm~lua 11111 II IIOUI lnl Iv VI- I ,,

Ilnr!lll .

111. L)IFFl;SI(JN IN CO!4PLEX TERRAIN

n) c problem of LrnnSport and diffuelon in
gcneralizrd terrain eettlnga la a vcr] difficult
onc lIIv(~lvt.Ig lnteractinn~ of different physjcal
phenomanolug; on a vaLiety of time and space
aculpn. Aa such it doesn’t readiLy lend itst:l to

a aysLemntic computatioi,al approacll alnce the

~overnin~ cquatlonn unually ❑ llHt be Lnllorcd to a

particular scale and phenomenon. UC musL lden!ify

and UOIVC piccca of the problem and rely GU an

extennivr empirical ba~lrn Lo determine the at:aiea

an(l phynlcnl procea.9c.q that dozrinaL. a given

transport al,crlario. Th 1a approach Iq

fundamcntully d! fferent from a acrleH of emptl!cm]
aicc utu,!iea in thnt the tiepa~atu etudieu arc tied
tngcLl)rr through u Iramework of Jlhysl!-nl

phcn,,mcnt,lnmy. The krpproacll ia analngultc to a

jlRFL41W ~UZZl? fI~ wlll,h RI1 tht! aepar.)tc HIIII!iea

repreacnt plcccn that [lr togetlwr t u f(!rm an

Oi’ILirL! plt!LUrrI. Strictly pragmatic ampirlcnl bltu

❑twdlt* rnlght he repreqcnted by an crwemblr! 0 f

plrr!c:l from 111fferent puzzlca. w’ I }111111. t h 1,

II IIlfy JII~ elI:m I,IIL of tile barric physics .qM cxpre~lst,[!

in LII1, b( :,t nvnllable r+ct of reHaarch modvl~ wc
Will find lK very dlfilrl!]t to dudtlci, I ilu

gcncr~lllr.cvl pnttcrn of complex ;errrrln trall!ll],jrL.

M,, ]i,r cntipl Irul 10 II* tt, atmo.lpllt, rlr trttnrrl)ort

illld (ftf tllHf Clll rOll U]L f rnm varltl*. toll:B I II I 111,

undorlylllg boundnry thnl may lrlclldo rvcryllliny,
fr. m *1.)11 lLB clbnu~cu in dfn~ or IllJ: It. 1 111X I n

v lkoJr(nlfl rf,rrtlk.nt IO II!I (II thv nurint. t,n ,\lllll)Ll,ljJ,

rhi, hrond~,Ht (!rlJlllLLon (lf coml, lox Ll,rr{l[ll II-I :Iny

und,,rlvlll~ hllllrT1.,a LtI. I! IH 1;$11 1111! II 11,1

llorl?.l,ulllll~ tlnlfnrm wL~ jIIIIIJdr IIIIt (I IIly m.IuiI:, II IIti

11,,;1 VIII II,vs I 11I Hh(JI’ 101 [ 411!M, Hl(lfrllv, I 1.1! 11111!1,

I,ltiv N .IIIJ nrv{!:ti of 11.lmIIIl It, rm lmId w! ,. l;Vl,li ‘!11.

H!IU1)II-HI llk>lil ltlnl, ]~(t.lne:iltln cuuffg(lrnl 1( !,,+ KIVI. , .(,(,

la) 14vrl 131111 t:um[, it,, utlonn (n rflffufl[oll I !11.1:1;11 1(11,

bllt hIlr7d pri~~r~~r. lInu 11(.c,II mrrd,, In 1111111,11.IIIIII!IIIH

hl~llll([.lry [,1 Vl, r !l,;l,lHLm(,nt,t L[, LI {.11.111),.1., 11, 111(,

u,l(l,. rlyll l,, nllrltl~,a, W1l II II(I m:l,jllr tt.lr 411, 1,, !!(, [.

‘Tl,,,la. 111,, mnll> d(. flnltll)llll 01 , k,mlb 14,x 1,,1P ,1,,

Jl,p(,lldlll},. ,,, , I )11, 111111 lrtllnr Ilpl.1 [1,:1[ It ,, ,~1

llltvrl. Ht . I:t, r OlmIIIIIIIIaII {I, I I ilt>lpnrt , 1111,. ll!l( .1111

w(,rkll)~ 111,lllllt 1o11 mlplll I,t, Iltnl LIIII Iurrdlll) [N

t,,ml)l(.x wll I,II 1}11, I rn]v, Ioty Ill III rl),ll,ll,, mill I*I 1,!1

lllhlvru~h.n 110111I wdlr Vllrf,,lli, n” (,rrlhht.t I l+’

!,,BI II I! II- lIId III I d p~rlurbnl Iatnu III I 110 WI!, (I rlml,l

(l’ltio l). 1’1!11 ,11* I 111[1 11111 11111,,111,, 11,11,1111.411

I l,;,(lylll~lhl(, Io.lllll, mm tic!l.llllqi. Ill? WI 1..1 II PII!

I,orlurl)nl I(,u mny I)v n mft,,l)~i(.uln rd,lv Ii! IIIU wik,,

all n Il,ilfll,,l ,,1, nlnc l,,.

II ,,,1, , Illllpl ,4 nlrll,$w l,llo,lt,,,m,,l~ I 11:1 n

~111111,111,,, I ,1 !Illor IIrvl IIIM Ielrnll) 1111 1111 II I-I., tl, r

Ill-xl Ill ,., ) !,1 Ill 1111,11! Ily nld t~n[l$~,,ll ! ft. t Ill.

,,,111 ,11,1:11 IS I,ll,,lt,)ml,lln. Thw tlrml Ih,l.rtll dlVlFIlllII

nvpo rut tan mI*(,ll?llll!,lll 1y , 11,1 fholm,llly Ill Ivmll

I, lr~,lllnf I!,ll,i . (h~lll (I VNI) ulnmm,lrf r,~,lu ‘1I
dr!l(, l 1111l\l, 11[1 I II!* rll,,l ,Ilrftlhil,li plll,l,l, nlo,llil I !1

I IVv 1:1,116,1II I rnl a~tia,i IVU (Ilyllltmlt’ ti!)al Llllvmnl III

I,lfo(q! 84, Itlt,nl lul)~,l),,ma.,l,i, IB,BIIII,IIII y lnyol , 8 ,’, I; O,l,

nll,l Ill Ilmi, ,.lrm,. 1,,), ‘I’ll!. ilvunml(~/k 1111,111,1111-

(,(II l.~1~1 .,, ?11111 !*,llllrll ,,,,1,111+I 1, plllllnrl Iv mvrltnlllrnl

1111 Illrllo 0.,, d tlri I ,s ,Bll”,14,, lti I Illwri.

‘Illmlmnl Iv..,II lull,, rlll,lll, ll Ilnlhrl ,11,, 111111111. !I I II
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Orgill’m local phenomena category whcrcaa features
resulcjng from adjustment of vertical flux raten

are catagurized as boundary layer phenomena. The
mechanical effects can be separated as primarily
vertical or horizontal perturbetlona because

buoyancy forces work largely on the

vertic~lly-dinplaced air. IIowrvc, r, for a reul

three-dlm~neiorrfll geometry, the finnl tta:cctrrry

fluctuattonm result from coupling of vcrcJ.colly
and horizontally lndwced ❑otlnns. Fo ,’ example,

for flow over a ridge at &n obllqu= anglo tn the
❑ ean mind direction, the confluencti (rind

difflucn:e) in tile vertical ve!nclty accounts fnr
acceleration (deceleration) UC the Ilorlzontul

velr, cicy component nornrul to thl? rldgc. “N1c

component pnrallel LO the ridge 1.I not strr!l:lrly

affecrcd. Iknce, when f!,lw 1S flC:t>lc!rfILWf it

Cenrin to Ctlrn tounrd normal Lo cIII. L1,Iu,, liar and

when it dece]crates the dlructlou npprodclicn thnt

ut the rid~ti llne as indtcare? in Fig. 2, trm.cd

LrOm a labor~L,lry efmrr]aciou of wld over n e(mplc
ridge.

IV. SOUtlCES OF ‘TLWJUI,ENT EI; KR[.Y

!; 1 l)pc wl!id}t, 1“or ,!x,, rrl,)l,l, II rat JIIVI,I, hy

prt*HMtlrl.-(lt.tlhlty e,,lcnold~ tlI:Il Iirlla( Will! II t 111!

ran!n I !l~lll:,.rm!i nrc rtmISI1. P.1<:11 Iel L,) (111, ,Il(Ip!IIR

gr(llllld 0!1 Hll!wn 1:1 I’[g. 1. III,. mttrv Ill dllllk, I Ilt,

lnpnr reLr, t Ill, wrr vl~,rl,us WI 1 I hII tlII! HII, pII
rl(iw. ’171,. IIlrr I) L.!,Ird ~tr{jux vol,>,.tcy nhrlll H

givl! r’l!r Lo
m;ly

!Iltlc.l!ll, tl till blllli!l(’L1. [t .? 11:1;

rrIIIIIly olI 41 t mpcrntll r,: lllpnu tnfa, to paralm,..(,v[81,

I !irl)ul C*IIt mi,~lll~ Wo Wjll 1,14.11 n III Ifl,mm;l tlI,Il

I Ilrlltllt.1),, npl)nr(!ntly Inl,ll, n:lr!l Wllll

(!,,

.llrrllllll,v.

thr ,Jlht.r hauil Lhc II, CII] h, Ilm I,.,, 01 tlill,tll,.nt,~~

I]i.tuvt,li nl, (.rrr prud IIIcl IITII ilIIJ 11111,)’.1111 (lnhl;,lll~: 1 II

clli!rll.L,1r17,1.(1 lIy !lIo NltlI,II,lIilIi I N,iml,,,. 1’11I !4

Sllollld I’lllt I I\llr, Ill ht! n 11!44! ,11 Inlli,.lf.,, r a,vl, ll

L II II IIF, II I hl, ro II r!, tlIplIfi IJIpl Ii,. Jilt,,r,lt 1,~11,1 111 i 1111

❑ clilt wl INI nt ruI Iurr .

1111 10 nrv *nt)me ni)nlfvb.all II II II, U ,8P, It Vl,llilllrn ,!

L!lrhul I. IICP 111 c,)mplvn tvrr,iltl III, (I 111~14 II DIII%IIIP:

wnlrotl I rilm n wfll, v. Irlr. ry ,If ,,%),1 ,, I,. p,. !:’. V,, I ,1 I

{Illtl. (]t’r.l (Ilntlllrr, 191’O; !:?111[ 1,1 ,,l. , 1’ “1) Illlv,.

IIllnorvr!d I !;rhlll ,. 11,,1 Illtnl!nll Irlr l,r~ llvalr:ll L(I 111,/11’

Ill,lltrlrl ntlrhlllty ,1. lrrnlf [(,11 1,11} ,11111,,}: I,l*lltl 111,,s

li~ht WI II. I f.,l!lt!fLjolln. ‘1111, pltlpl.ltlr)l ,)1 !!II,I

llirhnlcnrr. III rlic tore Mfiv ho II II! II, PI I ,. ,lI,lI*~:IIlt,IIl

IIIIL off,, rfm III ,l,lrllm~!lt !Il, prll!lvllr II*R !}11 Ilrl)llll,

nllll)ll Itv nlhl, l,, nt8rnI* I.rftu, tll , 1,{, ,,1! 1<111 ‘,31 I,l$mo.

ti, lnrrnt,m 01 l*llnltl ootl Inu. Pt. ! 111!11,. ,! , 1)111,

mil~ h- n ,ll~llll,.Ir Ilntl I I,nfts,ll) 11#1 oi fIIn Ul 11111 tI[

Illntnnl, c frl)m llIr. lII*rI, ! 01 II t,tll I,.\, 01 IIlrrl 11111,.~

dIIWIIWl IId {If n r!dkm I IIIP,

The confluence pattern of atreamlinen 10 flow
over obattrcles glvee rise to local deformation

zones that will, in turn, altar the turbulence

ntructure. Froet ● t al. (!974), Jackeorr and Hunt——
(1974), aud Taylor anrj Cent (1974) have obtained

solutinrrs fm boundary layer f low Includins

Reynvlde trtretra over gentle rrbstaclee (without

flow s~pnratlon). Tcylor ..rrd Cant and Front q

dL (19/5) include numexical :alculaLiona of

turbulenr. energy that reach e mfixiraum near the

pcnk of tl,e two-dimensional ❑odeled hill. Bradley

(lYfJ~) has ❑ade observations over a h:ll ir,
Auntra]la that ara conairrtent with the available
thL~nry- !fcrtrr Wind speed and the etnndnrd

cluvlation of the turbulence compononLe were

approximately doubled over the valuea u+vlnd of

the hill nrrd a windapcr!d mnxlmum occur, ,1 at about
1/6 of thl! l,tlL hclp,ht ahovti the ridg- f)p . The

concurrent lncrraee c)f the meal. wind and

t,lrbulecf.., curoponelltn augeeats a constant virluc of
LIII, anj;ul.’{r ~tandard devlacil].la (0~, O ) IJIIICII, in

1’tu-n, dr.lwa *peculation thar the.turbu r?nt apruad

0[ a dlffuHlng plume ahuuld be unaltered.

CurrverHely, I.ev et al. (l!JU1) ohsurved abollt a 16%-- —.
rilhitllrcmcnt in lHLeral plume width purtrmotere

ugllig (ru(:i,r gaa in a wind-tunnel nimu]ntlon over

a Iwo-dimcnuional ridge Wl(li a slmiltir eapcct

rrrt{(t t(l Bi.w-llcy’e hill.

A .nluilhln thcorl,tical 1,001, rapid ,Ilnturtlorr
I I)r,)ry drvvlrrpcd Lri the 1930’M by PrandLl (19.31)
111111 ‘Ii !nr (1’)35) LII explfii,l tile bchnvior I)] grid

prvduccd t~rfrulence in n wlr,,l t,lnnc, , t:, being
t:xtt,ll,!a,ll to llLlllnrlprll, rlc tlrbwlen,,c dcfwrmod by

11(W ,,vvr hllla (Ilu[.r, 197J). ‘llv Ll,oflry makrn
II!I,. ,1( f,li,,r~y conrr~rvntl,~n prioclp]i, a LU predlrt

.Id,luutmo.11 H in ilie l,, n}:ltudin.!l, Iatcral, nnd
V(IYI !(,III LUIIIIIICIICIJ Htnt l:Itl[ swtlrn cl)arrgea in 111P

mlm,!,l WI 11!1 (r?lon~nL;on, ,illu,~r) dufnrrn cddtr.n rJII u

I Imt, h, 411v 111,1 ,tcr llIaiJ tlio, r Iltctlmcm Sncfeh rrnrf
Rlnucr (19fl(I) dorrcrihv a Mlm(lar rinnly~lrr bnHcd on

v,, r’[l~. lty IIInlIlff”j\,iILl(III lIy ntrotclling trnd llltin~

ill II (Ilhl[lrl ,IIg Wi 11(: flrlrf. (;tvcn t ill,

cllnr;lclrrl!ll 1, Hcnlv 01 a parLlr!ll,lr terrain
,,1, ,,:~( .1,. :llIW, -npitl dl:l Lor! Irrn nflcc t,: will work
n{,li,f,f [Vi. ly :,11 LIIr lilr~t,r Pdd12H pr,, r4{!ll L in Lliv

Ilppl ,):11,1: .’I!lw :111,1 hIIIIr V nltrr LIII, n~~u{,trnl

dlrrtrihtlll(!ll III r.nvrgv (1’nli,)leky I.L al, If!l+ l).. . . . . -.
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Once the critic~l ● lemente of compkx terrain

Mteorolqy are decerminud we who ~re Interested

In traneport and diffusion etlll muet address the

fact that the main theoreclcal guidance wc have la
,qed on homogeneous turbulence. The ❑etting of

:table topography iB fundamentally

lhomogeneoua. There arc cnlea of transport and
1, *orological conditiorm for whlrh terrain

vb Iation ia ❑ lnlmized. We must identify these

aru document the error~ inv~lvcd in a ~Lmple

parm..terization. For a while, at lcarit, we mu!~t

rely In an empirical bnsin,prrhnps cxtelldln~ our

rcsul S from one site to “almilar” Bltee. We may

pura,l,. the pragmatic expedient and in the tfiterest

of “tirnc thlngn first” attempt to I,utatJl!a!I tllu
Lranaport wind field and ~ccept Fnclorn of

neveral-fold in diiutlon eetimatc arrorq. 111 the

1ong rt:n, however, we must develop algnrlrllm:l for
turbuJ@nt diff\lalorr un,.!., r nnl)-l)k>,.,ugc[i,.v{l~

cundicione.

v. PARMiTEfCIZING TEKRALN

An ultlmnte pructlcttl ohjcctlvu nf reel~nrcl.

in complex tcrruin mf!teoro~oty !R Lo ho ablv 10
Ilfir ~i:ncral weather lllfOrlJO!.1011 Ufl,l tUPOgr:ll,hy

(and prrhnpn a rrfLICILl ~IICdl (ltl~i’rv.+tl[,ll) 10

●etimnte wind and turbulence “luldlJ. (),,L!

Important rrtep towardn achlwiug thn! goa] .rL t II

adequately chnrnctarize thnno louturvti oi t llc

terrufn thnl nr~ critical t () Lt)l, fLcldH I]t

Interest. Ii,,, r,, probahlv in Il:t [,!’(. }lln~lu me Lh, d

thnt is brnt for nll Nplltll-ll:[llllq h,?l!fill!b~ t,nlrh

nppllcntlr)n r~!qulknn ,Ittfrrulll HI.,1{:0 d{Im/llml nlld

nveraging.

or~lll (19fll) nummnrizcl~ .1 Iwr 1(,H ()[ I .,nd

furmn thnt mrr cnmmoll t,l,,m~,[)r:j (It’ 11,1[111 Ill

Iandncap,!tl. !inllt Ii(. tCtllR!l (.1111 Illa dt,~){,r Ll)ed I n

mnmo n~~ntio nn :1 Hlmpll, \,6111;,[II. IL IoII III H] II I)tsHB

ridgce, 11111.n, Vfllleynl I,n,llllfl, shorull III, IIB

lnlnndn, hnyn or :lomo othrr ,,1 l.llr ?(1 I!lnf! ttll m~

dcrrrrlbcd 1)y orR(ll, t~lrl Ilt,r nhHLrni, l ioII (If

Or~lll”N lnlldf,, rmFl (:mI I’~,111111 III f,, ur IIIIIIOT’

clnnq LIH nn qliown In Tnt)lv I , I’rnt,clrnl I)r{)l) ! ,.m,~

U?lllA1ly r(b[lta1411 rlcmonl FL (,I rwu or m[lfa. ,1( 1110

rlaancn. F(J r vnnmplr, t 111, Guyflt,l M dir,,n 111

(;allfornl~ In flnr ml,~l ctr!, I,!. Ht II(I lt, d II t,bllltftv,:,

I.l)ormnll) Il”i Vrn ~!t~m.1111 wh~,rw nlnpv WI 111111 nra!

~hnnnt.led 1111:0 nn nx!nl VIII 11,y I 10W. I$I;, I1[ ttlll Ivt.

mffnrtn to dtncrth! tilt, m.11:111Lu(lt, (,[ 11)(, Ill)w

(Ihrr IL ~1..., IVRO; Y:lmoldl,, 19MI) Ililvl. r~,qlltrvd

nnme rnnn~. rlornt, lml ,11 1,,,’ ItQllh, vd Mllr’1 nrl, 111’Ii}! tlllt, tan

Lhr vr~r.tnl Ivc catvvr . Surnt, I.itnfilh b.1~r{,

niMIIlff IsnIILly affr,lod hy tl)v fr,lllfltrv(lm wll,d
ffIII*I.11 uvvr Llll. (I, (lllva.lt) 1 111~1, Illllt III II III II VII 111!.

oxp~rlrnoiltnl nilr, 111111(,1. 411 1 li,!lr mn l(~r I .IIIJ I tll m

,.al~n,,rfrn PIII etwd till, Illlorl,ri,lnt 11111 III I llv

(;oy,,,ttn flrld t.~pnrlmontm.

mete~rolopical behavior, if pr~perly dcflned

inc!!]dtng supporting information on:

“ orientation

- slope magnitude

“ elevation and relief

- rr. ugline Ba.

Comput*r mfithode (Fig. 4) hold a great

potcntlal for characterizing topography if they

arc ill!.orporaLed into good phywicd-based ~yecems.
Geomorpllnlugiatn have developed some cxccllent

approactAet4. We need to adapt the methods to r,,r

npeclfic meteorological needs and vrF!)apH

introclu~r some new meLhoda ba~ed on dLtiLIBLics

(M+cCrti;ldy vt al., 1974) or other matl,cmntlcnl

ben 1s nnd using computer-naaed achemci SCLi,mH most

nppr(lprlaLe.

Table I. Land form (:lansiflca:iull

~lntr~ nf l,and form FlrIw Ph4,nom#,no[:..- ..-. -- ----- - -.. . —-. --—. — --------- .--,---- -

Cor.vex Dc[ormatlnn, WAVCH, wiikt,s

(:(lllinvl! Chnnnellng, Etnuncitlo,ll

Frlcllullal Bo(ll)rlary lnytr

Il)t,rmul Slopo flow, lald-svn brccxt,

V1. An lNTE(;l{ATtlll APPROACH

1. Mulll,l 111~ Wllh relvvauf liwqllll ill t,lll ill

, ,,,14, ,1 611111 Illlllll,lta)ry Id(, ll!tll. !l I on!! t III, to

I,rv,ll,i 1111114 #,f ,.lllll. I.111 rnt 1(111/dpl,,In[ t 14)11 l-n, I ,.~ VIn

411MI 1!11,111 It Ilnl 1(111 ,)1 nddlt lnndt dnl II tlt

11111.11$11. tnl 1(111 r,., *#lfl.

4. 1“1!.111 !r.111 II (11. nl\:llrll I(1 nll!lrr!lfl :1111,11: I(’

Ilvll(llhll.loll ILll!l III VIII VIIIM Itdl.,,llnlr Il{ltfi t!! 11, !11 illr

mt~(lrln.
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5. Feedback loops lending to upgrading of

models and experiments.

The Department of Energy’s ASCOT pr,agram ia

one exanple of an Integrated ccnrn in Whl Ch

participant from national laboratories, federtil

aRencle# nnd universities maintairl a Contlnuink

dialogue Viz!l three topi L-nl points Ot

Intersection: phyteical concepcfi, modelil;g, n nd

meaeurementm. Efforte are made tn aee that the

models adrireaa the phenomena thnt are obt~ervod.

Several classea 0[ ❑udeln are udcd In the rles~gn

und analyeia c)f fteld experiments. ni~ mo,lrls

currently iu uae in ASCOT illcltlde dat~ driven

analyaia ❑uch am masn-cons{stonr Wind field

algorithms, nn4 onti, two and tltre,. dimcn:]iortul

modeln ba~ed on fundamental conccpta. Wrullcl

developmel?rs pr~ceed with reeearrh un.1 opcrutlouul

models. lle former ntreos 9:1 ❑uch ns potislble Lhe

relevant physicn without worry infi too much about

computer costs. l%eir trbjectlvc iH to asnint tlic

srientlats in underetarrding the govrrl,lng

proc.ea~en ~nd to dernonEcr~tc thnr LIIL.SV pro..t!sses

ca~l be cml.t?U]a:12d. fi~ go~l~ l~t thI! Llpl!r!lt.il)llill

mode 11 IIR uf fort in to ncrk JI bronrlur
paramctrrlzatiall nu Lhat r.umpllt!:l~ efforts wII! b(.
reortestt ,Ind r,]sturcnfiunab;, c t<> n Ilsc,r lL#:(-ll L.y for

Irvquultt appllrrction in arIse:l:Jnlrnr,+.

In nnorhpr i11t~~r41(L,.1 :Ipprod)c;l, ( !Ic

I%virolunclltal l’r,.~Lcr-t l.)r) ,\~l 11 v 1111.1 j Ll;

c,, nLrac torn art, illvi,!lllgnt III!; IIIIJ por url,,,l

[.r.\n!lporl wild 1“1!.11 nrrd 11111:1:~1.,n p,l, L(, r,l

Iltlflori:+t.,d WIL II JI (,,111!1,111:1-. !111,,1!, I 11111. “HI(,

[,rny,rnm Hca:ks n I,;lln,l(a, 1,(.1 Wl,(,l) ! 1!. :,1

ma,i!itlren,t.vifg, mtl(lcl Inu nn,l I.ln,t)t;ll ,t y ~,lmul it 1,311.

A m(~r,, ,,~t(l,, f, 14Q (’[), !l, ,! 111 i 1!111 ‘(. IW(. I.; I I’”i,

1)1,1: 111)11 It,,, I: II, CL I Ic I’[)wvr lll,:tl,.lr,h Irl,}l !I(IL, I I .;

,.l,lrpl)l Iy i II thv ,) 1,1,1,1111); :;! ,1~.t,P4. Knl.l,
t,rfini,,y,!tlr)il will rnntrlhu r,, l.fl”,)~[ 1111(1 I 11.l:f[ II*. I

I I m )(,l(]t frr,)lt.rt IIf miitllnl Ill!,rt,fit,

V1l. !io!f F Sll~; ;V’;TII)NS I’I)H Ulll”l I’l, lfi(: I’Ill” IR(ll\j I:M

I’4T() Ilflt; !;:::1;!;

T,) n,l lr,, nH ,? ,,)l,nl[f.,lt,.,1 I)tll, [1,./11 l,r811ala, m,
;,,, 1[1,,111,41 IV [,l)t~ WILI1 t Ill. .1,1!!1,11 ., ,Iltll,:ll, !l 111

Lrtta Jn [l\lllll.llrP#, 111 II !1 1 ,1}:1 ,, 111011 1:1 ,1

mllld-1,~.l]d I ,lu cllnl Irllgo. II I II Vlllll !:,.1! L’,
l,lr Llti,,,l [lap I,t#)l)!Pa f itt) ,,,,i,ti)18,,,\:!i IIIn( ,,11, I,t,

Mfllvl?d AI III ~ll,n Ml!ll,lll,llu V,,l II lt~ll. l,~w.in fill,

,1~ 11, ,It (fir !.rmlmllilfty I,lt IMl nkrro 1,11 n I.ollltrrll 11,1

I I)nl I he pnrf Ial n.11111 IO(IM I .:11 (11 I 11,nlt’llllltt,
I .lwdrd I, , I, IMM, I. RIIml wit}I,,(ltfIIm~l,,ll 1 l.llulltllllla, y.
,If ,.,t,lr,l,., t hrrr [!1 ,1 Wt,lo Vn!lcrv of :,, ,,,11, ,,1
(Fl)lrr! lV,, P i hilt ~et ,1,, !11, !Ilvl,,l ,,,1 I 11! Ill Ill

plnci.. k’. mtlrrl m,,,.1 Lh!, flr (.1,1P! f [v,.,, while

,.,)nfrll.11( 111~ ,)l,r Ilttlr plO,.,1 1,, t 114. IIt,,,l N) I

,.,,, \t,. ~1 , Ill I !1,, rl!llllwlll$. IIm, 1~,1, 11*1IM nr,. I ,3-Nv

I114111uIII I I-II l\,,rr8,~,lf1U lhr I!ranl)l,,,,l ,lIIW,I ~,) Wl)rb,llll{.
Ilft,rmm.

Flrh; wo mll HL mtnrl frill!, uI,,lI w,, ~,,,,&I. 111.11
Ilrl Hllna, ,, nttll rllllf alnll u I R,ptl,:rnllllll

vfl, ml)l II n! IS III, It ,I,lmn not rulo ,,llt ill. I III IIIIv III

r[lllv,.l, t 1,),,.11 t rnnmlt,, rt nnd ,I!tlllllltlll mvlh, )uln,
IIn,lrr tfio,mv mmt ,,l!r,~li~~t.,~l (,,l)llllt I,IIIN II I,, Iolrnl.1
vf fert mn+ III. mlllfmllv Il ,Ir rrltmt, Iit,li,t ll. nl I]r,,l,lt.mtl

mny not be uensitive to the i.omplicatione. A

careful aaseasmont must be made of the errora
lnvolvud in simplifying the anmlysia.

St,vcral authoru have attempted to combine
effects of Iicveral contributing phenomena in a

simple linear combination. l’hia allows us to

c~~lculate aomeihlng that we can handle such a~ a

Ri[lglr phcnomelmn, compooent or scale one at a

tlmv, Lhcn combine them in a stralghtfurward way

r.> yield a potent cnlly complex field of wind,
temperature or turbulence. ‘ft.is type of analyaia

nhrwld r_nnLain tin catimale of the errore involved

In ncglecLlng feedback.

An.>t!]tir Hlmplifical.io!i in the analy~is phase
is tc dl, terari r,, the bcale nf the RoverrrLnR

phenomcnorr nrvl c@nrenLrate the effort on that

r+cale. Numerical apprtiachea are greatly

eLmr “Ifit. d hy Lllia ac~,p.

Tn ft,.ld experimcntc it ta very valuahlc to

ticrcrn the ❑ enauremont ruqUiremenLa 6d t.lmc ruch

scrle+ of •eastlramtint~ ia durrignod to uddrens n
pnrLlculnr llypollic~ls. It lrr terribly temptir,g to

m.lk:s ol~!lt,rvtlt i,lns rn “art what it looks like” hut

the risk nf nuffocatinR ul]dur pondvrnur+ and

irtu,levullt IIUL:I ❑ vts la greurcr than thr brncflts
.f }]t.rt,[ltlll,lr(]l]ti dlticovery. WC have 10UIIII u

mull l-pl)it!~(, Iicld ehprdltton to hc qwiLc Utitiflll.

Litl:il)u ,J:: ,, ,:,!nl, rul governing Ilyp Otllc Sls (~’.fl . II 11

v:<l,,.,, t,, (l d.,i 1,. y wind (Ir.rmdlrr) wu Hut Up u rn:nlmdl

IW[ w,!rk ,!1 1 IXvd stntiun~ n nd condurt a brirf

t~,,rla,!ti 1>1 :,,:till)i!lngo. Wirh ~1 ‘.rlld L1 “cl Inr;ltll I,lti,:/”

,,1’ ,.),lrl’of.i, ~lll!l Lsr Vilt icnfi ,Tnlf #l fcw Crttll::l of
V,* I L It,. tl Ilr,,tll,,ft WL, nr,~ unlliil ly uble r,i) gurr.:1 n I

I Ilt. I ,-111InII, mIILi IL l\IC. WmHM () f tllv douwlln w(. II:IVI,
(,l~:lcrv~,,l . i’!, l:; lIulpn rtl IOd UCV the rink of m:lj a~r

!;,lr; )11q,,!! I 11 111(~ III, NL IIIIIISC WI IIIII grt,,114, r

! ,l.ll, !lt,!l,,ll: , ,, I !Il; lnl, s)w,, 1 >11).: l,qll I pln(,l)f nr~.

11 >, IV I, II.

‘1’111, ,,.4,,,<1,1 jnlI;,II~S III 1111 12XI)I ,II1!o II III na,vf r<,;

w,,,, k,. .I:, I;II 1,111 fII wI, [,, II Ht}mtl ,It. !nll III r~tj!l~l,r I II
f :,, ! .11 .,, :,!l(, r’!c !.1 I Iv f,l l,, n[)kl 1111 vIIc, I.1 ,111 11,1,.s.r
!,1,,:. ,.!, , :1,!11,11Iv, [Ilul 1, nrt, 1,11,111~.11 Ulll,lrllt,t,l 1,,1

1111,,11$111,1..1 I 1111! 1[ II Jllvlnnl!lr 10 I(]llllw 1111 Wllll

.I:I1. I Iii. r r,,, ):l,tt,m.,.lt Ht, rlt. f,.

11 I I IN II I., IOr4!Im V ,Ir drtllr,ll, lr to m,~v(, Illla,
dt m,*lll’,1111~: I,I,NPI. vllf.rt, r,,,bl Inm, ,,l,,a,.rvdll Ii III,, ,,1

Ilt, ll. (lr’1l. y,,: 41,101 ,111 quill II v 81ran , !11 :0,, ! 8*,I 411181

,,r, !l’, ,rl!, ,,{l 111. ,111 WlIIIIIIISIl Ilt.rt(,ll of I In,,,, 1111.

lrl, II IIIdIl 1,,,1 F. II I:, I! I la-m !lIIT rA\I..Illl ‘NbIIn I 1111 PI:ILI

I III. f IIIJII 1111,r.111 mllt,lt m,, r-t. VI l{.,,, fvv,

Iii. 11,1 I,llol U

1,

.’ .

111111, , :!. , (:lenli,l)l 14, W. t. nn,l WI IMIIII, F. K.,

“~ 1 ,,,,,,..,, 1,,,,,, ,,1 It,,. A,m~jNph!~r(,- T-mlll,l :11ill a,

:~1(Irl,lll!{. ILI 1110 h’nl I #lll!f Ill 1111! kllrldlt. ,!! Ir

Villl!, v,” 1’1,,,1, . ::,. ,,,,11,1 .1,, 1111 (., !llf . Al!

1’,, !1!11 11111 flrlv(~r,,l., Amrr. Ff@trornl. ;h~,..,

I ‘lMl).

l\l,ld l,.,,, 1. F., “AII Ij,l,l.rim,.ll!nl !ifti,ly (It I 111.
Ivlbl I 1,.81 Or WI IIII Sj,ov{f, !;hrnrlllp Strt, nrn nlld

“1’1,11,,1‘ S-II,, 81! I lip [;ta.nt I}( ~ lArRo 11!11,” q,
.1. It,l,, mill . s!),, ., 10(1, 101-111, Ir)fl(l.
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